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INTRODUCTION 


“This  project  was  designed  to  test  a  series  of  immunomodulatory 

compounds  designated  by  the  U.S.  Army  Research  and  Development  Command  for 
their  ability  to  protect  animals  from  an  otherwise  lethal  infection  of 
virus  and  to  determine  the  mode  of  action  of  useful  compounds.  During  this 
third  year  of  the  contract  emphasis  was  placed  on  two  areas.  These  were 
the  development  of  viral ly  infected  targets  for  use  in  in  vitro  assays, 
determine  if  these  targets  were  handled  in  the  same  manner  as  other  targets 
traditionally  used  for  in  vitro  testing  of  macrophages  and  cytotoxic  T 
lymphocyte  (CTL)  responses,  and  measurement  of  the  effect  of  the  compounds 
on  the  CTL  response. 

t 

^  Materials  and  Methods  ' 

'  '  ■  ,  '  '  A  .  l  -  c  ■' 

Endotoxin  Detection,  ^ ^  V  v  v.-jVc  i  ,r  «■ 

All  reagents  were  tested  for  the  presence  of  bacterial  endotoxiti  by  ’ 
the  gel  formation.  Lymulus  amebocyte  lysate  (LAD  test  (1).  The  LAL  was 
obtained  from  Associates  of  Cape  Cod  (Woods  Hole.  MA)  with  a  0.03  endotoxin 
unit  per  ml  sensitivity.  The  sensitivity  was  confirmed  with  each  test  by 
the  titration  of  standard  1 ipopolysaccharide  (LPS) .  Materials  that  test 
negative  in  this  test  were  defined  as  endotoxin  free. 

Cells  and  Cell  Culture. 

Modified  Eagles'  minimal  essential  medium  (HMEM)  Ham’s  F12  and 
Dulbeco's  modified  Eagles'  medium  (DMEM)  were  prepared  from  a  powdered  mix 
(HyClone  Laboratories.  Logan,  UT)  and  supplemented  with  glutamine  (2  mM, 
Flow  Laboratories.  McClean  VA) .  sodium  bicarbonate  (2  mg/ml.  Sigma  Chemical 
Co..  St.  Louis.  MO),  and  HEPES  (15  mM.  Research  Organics,  Cleveland.  OH). 
All  serum,  including  fetal  bovine  serum  (FBS)  was  obtained  from  Hyclone 
Laboratories.  Clone  929  of  L-cells  (CCL  1)  were  obtained  from  the  ATCC, 
Rockville.  Maryland,  and  were  propagated  in  HMEM  +  10%  FBS.  Vero  (African 
green  monkey  kidney)  BALB/c3T3  cells  were  obtained  from  Dr.  Gillespie 
(University  of  North  Carolina  Cancer  Center,  Chapel  Hill.  NO  and 
propagated  in  HMEM  +2%  FBS  or  a  1:1  mixture  of  F12  and  DMEM  with  10%  FBS, 
respectively.  Chicken  embryo  cell  (CEO  were  produced  by  trypsinization  of 
9-11  day  old  chicken  embryos  according  to  the  method  of  Scherer  (2)  except 
that  HMEM  +  10%  FBS  or  HMEM  +  4%  chicken  serum  were  used  as  growth  media. 
The  preparation  of  bone  marrow  culture  derived  macrophages  has  been 
previously  been  described  (3) . 

Viruses . 

Venezuelan  equine  encephalitis  (VEE)  strain  68U201  (4)  was  obtained 
from  Dr.  Peter  Jahrling,  USAMRIID.  and  was  propagated  in  primary  chicken 
embryo  cell  culture  to  prepare  a  working  stock.  Pichinde  strain  An3739  (5) 
was  obtained  from  the  same  source  and  was  propagated  in  Vero  cell  cultures 
to  prepare  a  working  stock  of  virus.  Pichinde  strain  An4763  (6)  was 
obtained  from  the  Southern  Research  Institute  and  propogated  in  Vero  cells. 
Vesicular  stomatitis  virus  (VSV)  was  propogated  in  L-929  cells. 

Mixed  cell  bed  cultures  were  prepared  by  the  addition  of  5  ml  of  HMEM 
supplemented  with  5%  heat  inactivated  calf  serum  containing  9  x  10®  Vero 
and  9  x  10®  L-929  cells  to  a  60  mm  tissue  culture  dish.  The  dish  was 
incubated  overnight  and  then  overlaying  medium  removed  and  the  cells 
infected  by  the  addition  of  0.5  ml  of  an  appropriate  10-fold  dilution  of 
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Pichinde  virus  or  plaque  progeny.  After  1  hour  for  adsorption,  the 
cultures  were  overlayed  with  8  ml  of  HMEM  supplemented  with  5%  heat 
inactivated  calf  serum  and  1%  agarose.  A  neutral  red  containing  overlay 
medium  was  added  on  day  4  and  plaques  were  observed  and  or  picked  on  days  5 
or  7.  Plaques  progeny  were  isolated  by  the  removal  of  an  agarose  plug  from 
the  overlaying  medium  directly  over  the  center  of  the  desired  plaque  using 
a  sterile  pasteur  pipet  cut  to  give  an  outside  diameter  of  2.5  mm.  The 
agar  plug  was  emulsified  in  1.0  ml  of  medium.  The  resultant  plaque  progeny 
were  then  further  purified  by  plaguing  10-fold  serial  dilutions  on 
duplicate  cultures  of  the  appropriate  cell  type  and  reselecting  plaques 
from  dishes  developing  only  a  few,  well-isolated  plaques. 

In  Vivo  Tests. 

A  compound  was  administered  as  recommended  by  the  source  (dosages, 
times,  and  routes  are  indicated  in  text)  and  then  the  mice  were  challenged 
with  400  pfu  of  the  68U201  strain  of  VEE,  subcutaneously.  Mice  were 
observed  daily  for  deaths  for  31  days. 

Cytotoxicity  Assays. 

Compounds  were  tested  for  their  ability  to  modify  the  cytotoxic  T  ceil 
response  generated  due  to  the  injection  of  either  the  TC-83  strain  of 
Venezuelan  equine  encephalitis  (VEE)  virus  or  to  the  histoincompat ible  cell 
line  P815.  Groups  of  C3H/HeN  (H-2‘' )  mice  were  treated  with  a  compound  or 
with  a  placebo  and  then  challenged  with  either  subcutaneously  with  10*  pfu 
of  VEE  strain  TC-83  grown  in  chicken  serum  or  intraper i toneal ly  with 
lO*"  P815  (H-2‘^)  cells,  or  not  injected  with  an  antigen.  Eleven  days  later, 
mice  were  sacrificed  and  a  single  cell  suspension  prepared  from  their 
spleens.  The  spleen  cells  from  all  mice  in  a  group  were  pooled,  and  the 
pool  tested  at  various  effector  to  target  ratios  against  four  different 
"'^-Chromium  labelled  target  cells.  The  target  cells  were  VEE-infected  L929 
cells  (histocompatible ,  virus  specific).  Vesicular  stomatitis  virus  (VSV) 
infected  L929  cells  (histocompatible.  virus  nonspecific).  P815  cells 
(allogeneic  challenge),  and  VEE  infected  BALB/c3T3  cells 

(histoincompat ible ,  virus  specific).  BALB/c3T3  (3T3)  cells  are  of  the  same 
H-2  type  as  P815  and  these  two  cells  served  as  mutual  internal  controls. 
Further,  changes  in  natural  killer  cell  (NK)  activity  could  be  addressed  by 
comparing  the  results  obtained  from  spleen  cells  obtained  from  control  and 
treated  animals  and  tested  with  L929-VSV  cells  or  3T3-VEE  cells.  P815 
cells  are  relatively  NK  resistant.  The  data  from  all  '^^Cr-release  assays 
were  expressed  as  specific  release  based  on  the  formula:  percent  specific 
release  - 

(experimental  -  spontaneous)  /  (maximum  -  spontaneous)  x  100. 

Macrophage  activation  assays  were  performed  as  previously  described 
(7)  except  that  virus-infected  BALB/c3T3  cells  were  used  as  targets.  These 
cells  were  used  because  the  cells  are  histoincombatible  with  the  C3H/HeN 
macrophages  used.  Further,  uninfected  BALB/c3T3  cells  are  seen  as  normal 
by  macrophages  and  not  lysed,  while  either  transformed  or  infected  cells 
make  satisfactory  targets.  Bone  marrow  culture-derived  macrophage 
monolayers,  prepared  in  96-well  plates  were  treated  with  0.1  ml  of  various 
stimuli,  as  described  in  the  text,  for  either  4  or  24  hrs .  Each  stimuli 
was  tested  in  triplicate.  The  stimuli  were  then  removed  and  the  monolayers 
washed  twice  with  warm  H-MEM  +  10^  FBS.  Targets  were  added  to  yield  2  x  10* 
^’^Cr-label  led  targets  in  a  total  volume  of  0.2  ml  in  each  well.  The  plates 
were  incubated  at  37*^  in  a  moist  5%  CO=  in  air  atmosphere  for  sixteen  hr. 
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The  uppermost  0 . 1  ml  of  medium  was  removed  from  each  well  and  the  amount  of 
released  radioactivity  determined  in  an  automatic  gamma  spectrometer. 

Targets  used  were;  P815,  BALB/c3T3,  Vero .  an  African  green  monkey 
kidney  cell,  vesicular  stomatitis  virus  (VSV)  infected  BALB/c3T3  (3T3-VSV). 
VSV-infected  Vero  (Vero-3T3) .  and  Venezuelan  equine  encephalitis  virus, 
strain  TC-83.  (VEE)  -infected  BALB/c3T3  (3T3-VEE).  P815  cells  were 

suspended  into  the  overlaying  medium  and  counted.  Uninfected  BALB/c  and 
Vero  cells  were  prepared  by  tryps inizat ion  of  near  confluent  monolayers  and 
washed  by  centrifugation  in  H-MEM  -t-  10*6  FBS .  Near  confluent  monolayers  of 
either  BALB/c3T3  or  Vero  cells  were  infected  with  a  multiplicity  of 
infection  (MOD  of  3.  After  45  min  at  B?"  for  virus  adsorption,  monolayers 
were  washed  once  with  H-MEM  10%  FBS  and  once  with  H-MEM  to  remove 
unadsorbed  virus.  The  cells  were  then  removed  from  the  flask  by  trypsi.n- 
izatio.n  and  washed  by  centr  i  f  ugat  I'On  with  H-MEM  +  10%  FES.  All  cells  were 
labelled  by  exposing  1.2  x  10-'  cells  to  0.275  mCi  of  "’'’Cr  as  sodium 
chromate  lAmersham..  .Arlington  Heights.  IL;  in  a  total  volume  of  1.0  ml  f:r 
rl  mi.nutes.  Cells  were  assessed  for  viabilit'/  by  trypan  blue  exclusi'on 
.'US*,  before  addition  t:  the  a.ssay  plate  a.nd  were  '•95%  viable. 

22:-.eri.il  1  i  pc  p:  1  y  sac  ch  ar  i  ie  'LP3)  was  phenol  extracted  and  purified 
II 1  i  ^  r I' a 1 ’* T:  *  '  '* '•  cc-1  i  0111  13*4  -sri'd 

ger.ei:u.s  gift  of  Dr.  D.  C.  Morrison  (Kansas  University  Medical  Center. 
Kinsas  2ity.  K3  .  Gamma  interferon  (tIFNI  was  recombinant  rat  gamma 
interferon  Amgen  Biological.  Thousand  Oaks.  CA) .  Alpha  (a-IFN)  and  beta 
■ 3-IFNl  interferons  were  purchased  from  Lee  Biomolecular .  San  Dieao.  CA 
(422061.  Lot  83002.  2.7  x  10-  IRU/mg;  #20181.  Lot  83055.  1.8  x  IRU.m.g. 

respectively).  A  mixture  containing  both  a-IFN  and  6-IFN  (a/D-IFN,’  was 
prepared  by  mixing  equal  activities  of  each  purified  interferon.  This 
mixture  was  used  for  most  experiments  because  preliminary  experiments 
showed  little  difference  in  activity  between  a-IFM  and  B-IFN.  which  was  in 
agree.m.ent  with  previous  reports  (8).  Interferon  flFN')  preparations  were 
assayed  for  antiviral  activity  by  plaque  reduction  of  VSV  on  monolayers  of 
L-929  cells  (8.9).  Each  dilution  was  tested  in  triplicate  and  activity  was 
expressed  in  International  Reference  Units  (IRU).  with  mouse  fibroblast 
interferon  as  a  reference  standard  (NIH) .  Anti-mouse  IFN  (Alpha  and  Beta. 

1  X  lO"^  IRU/ml )  globulin  in  phosphate  buffered  saline  was  lot  #  84005  of 
catalog  #  21031  from  Lee  Eiom.olecular . 

Inhibition  studies  were  conducted  in  a  similar  manner  e.xcept  that 
targets  were  added  in  medium  containing  the  inhibitors. 

Turner  Necrosis  Factor  mP.NA  Production 

The  production  of  Tumor  necrosis  factor  alpha  (TNF)  m.RNA  by  bone 
mirriw  rulture  derived  macrophages  was  determined  by  probing  with  a  plasmid 
cir.tiir.ing  a  DOO  bp  fragment  of  TNF  cloned  into  the  polylinker  of  PUC  9 
ir.d  'ibt  lined  from  Dr.  Steven  Taffet.  3UNY  Upstate  Medical  Center.  Syracuse. 
NT.  The  probe  was  labelled  with  ''"'PdCTP  (Amersham.  Arlington  Heights.  ID 
by  nick  translation  using  a  commercial  kit  (3RL.  Gaithersburg.  MD )  and 
detectei  by  radioaut ography . 

Macrophages  fl  x  10')  were  exposed  to  various  stimulatory  conditions, 
as  descibed  in  the  text,  and  then  chilled,  scrapped  from  the  dish  and 
pelleted.  The  cells  were  lysed  with  NP-40  and  the  nuclei  pelleted.  The 
P.NA  was  then  e.xtracted  from  the  supernatant  and  blotted  onto  nitrocellulose 
filter  for  probing  by  previously  described  methods  (10).  The  intensities  of 
the  dots  were  determined  by  optical  density  scanning  of  the  dried  films. 
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Target  Sensitivity  to  TNF 

Recombinant  murine  TNF-a  (rTNF)  was  obtained  from  Genzyme  (Boston, 

MA ) .  Chromi um— 1 abe 1 1 ed  target  cells  (1  x  10^^  were  exposed  to  Increasing 
concentrations  of  rTNF  in  a  total  volume  of  200  ul  HMEM  +  1096  FBS  for  16h. 
Kill  was  measured  by  determining  the  amount  of  specific  chromium  release 
usinf  the  formula  given  under  cytotoxic  assays.  The  ability  of  anti-TNF 
antibody  (Genzyme)  to  block  cytotxicity  was  determined  using  a  standard 
" Cr-re  1  ease  assay  described  above,  except  that  the  targets  were  added  in 
the  presence  of  the  anti-TNF  antibody. 

RESULTS  RND  DISCUSSION 


Macrophage  cytotoxicity  for  viral Iv  infected  cells 

Bone  marrow  culture  derived  macrophages  demonstrated  little 
cyt  otO'Xi  0 :  ty  for  uni.nfected  EALB/c3T3  (Table  1;  even  after  stimulation  wio 
L?3  and  or  I7N.  On  the  other  hand,  viral  infection  of  these  cells  by  VSV 
rendered  the.m  susceptible  to  lysis  by  macrophages .  This  cytolytic  activit 


ugmented  hy  the  pretreatment  of  the  macrophages  with  L?S . 
r  ei*'.her  IFN  pTjs  LPS  .  This  pattern  was  repeated  using  anc'ther 


iame  _ 


'rO’cna' 


with  VSV. 
instead  of 


00  mediate  cytotoxicity  was  not  restricted  t: 
Similar  results  were  obtained  from.  3ALE/c2T3 


VSV  'Tat le  3)  . 


■2  \  I,  ^  '"L 

infected  by  VEE 


Tnese  initial  studies  appeared  to  show  a  different  level  of 
responsiveness  to  activating  signals  for  cytcToxicity  for  viral ly  infected 
cells  than  has  been  seen  for  tumor  targets.  Therefore,  monolayers  were 
treated  in  parallel  and  allowed  to  react  with  either  a  viral ly  infected  or 


TABLE  1.  Activation  of  Macrophages  for  Cytolysis  of  V3V-Infected  BALB/c3T3 
Target  Cells 


T'  v"  ^ 

atment"' 

Percent  Specific 

Cr-Relea 

BALB/C3T3 

3T3-V3V' 

Medium 

-6 

16 

LPS 

( ng/ml ' 

10 

-4 

110 

1 

-4 

35 

0 . 1 

-5 

1 2 

0.01 

-4 

“> 

0 . 00  1 

-5 

1  1 

T-I 

FN  (10  IRT/ml' 

-5 

At 

•T  -  X 

FN  +  LPS 

—  *7 

65 

( 10  IRU/mi  +  1  ng/ml ) 

cc,''  3 

-IFN  (500  IRU/ml) 

-7 

6  I 

a,'' 3 

-IFN  +  LPS 

-6 

(500  IRU/ml  +  1  ng/ml ) 


“'Macr O'phages  were  exposed  to  activators  for  4  hr.  washed  with  warmed 
medium.,  and  then  coincubated  with  Cr-labe  1 1  ed  target  cells  for  16  hr. 
'■’Mean  of  triplicate  determinations. 

'  Cells  were  infected  with  VSV  at  an  MCI  of  3  before  labelling  with  '-’CR. 
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TABLE  2.  Activation  of  Macrophages  for  Cytolysis  of  VSV-Inf ected  Vero 
Target  Cells 


Treatment'* 


Percent  Specific  Cr-Re lease'^* 
Vero  VSV-Vero*"- 


Experiment  1 

Medium  1 
LPS  (3  ng/ml )  0 
a/B-IFN  (100  IRU/ml)  0 
t-IFN  (100  IRU/ml)  0 
Experiment  2 


12 

29 

30 
26 


Medium.  15 

LPS  (10  ng/ml)  40 

1  35 

0.1  26 

0.01  12 

■r-IFN  il  IRU/mi  )  10 

•■^-IFN  +  LPS  (i  IRU/mi  1  ng/m.l )  23 

a/S-IFN  '.500  IRU/m.l  ;  26 

a/3-IFN  -  L?S  IRU/ml  ^  1  na/ml ) _ 33 _ 

■■•Macrophages  were  e::posed  to  activators  for  4  hr.  wa.shed  wich 


medium,  and  then  coincubated  with  ""  Cr-labe 1 1 ed  target  cells 
“"■’Mean  of  triplicate  determinations. 

'■“Cel  is  were  infected  with  VSV  at  an  MOI  of  3  before  labelling 


warnie 
for  16 

with 


hr . 


TABLE  3.  Activation  of  Macrophages  for  Cytolysis  of  VEE-Infected  BALB/c3T3 
Target  Cells"* 


Treatment''’  Percent  Specific  Cr -Re  1  ease" 


Medium  2 
LPS  (10  ng/m.l)  16 
LPS  (0.01  ng/ml)  6 
t-IFN  (1  IRU/ml)  7 
t-IFN  +  LPS  (1  IRU/ml  -t-  10  ng/ml)  22 
t-IFN  ^  LPS  (1  IRU/ml  +  0.01  ng/ml)  13 
a/B-IFN  (500  IRU/ml)  9 
a/3-IFN  -»■  LPS  (500  IRU/ml  +  10  ng/ml)  14 


a/D-IFN  +  LPS  (500  IRU/ml  0.01  ng/ml) 


■'Cells  were  infected  with  VEE  at  an  MOI  of  3  before  labelling  with  OR 
"Macrophages  were  exposed  to  activators  for  4  hr.  washed  with  war.m.ed 
medium,  and  then  coincubated  with  Cr-label  led  target  cells  for  16  hr. 
'"Mean  of  triplicate  determinations. 


tumor  targets.  Figure  1  shows  the  results  of  two  independent  experiments 
comparing  the  cytolytic  activity  of  bone  marrow  culture-derived  macrophage 
for  either  VSV-infected  BALB/c3T3  cells  or  P815  mastocytoma  cells.  The 
P815  cell  line  was  chosen  as  a  representative  tumor  cell  target  [20-2?]. 
When  comparing  the  ability  of  various  stimulators  to  augment  macrophage 
cytotoxicity  against  each  target  cell,  it  is  apparent  that  lower  doses  of 
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LPS  were  able  to  stimulate  activity  against  viral ly  infected  targets  better 
than  activity  against  tumor  targets.  This  is  particularly  noticeable  at 


FIGURE  1.  Comparison  of 
activation  of  bone  marrow 
culture-derived  macrophages 
for  cytolysis  of  viral ly 
infected  or  tumor  targets. 
Macrophage  monolayers  were 
exposed  for  four  hours  to 
varying  doses  of  LPS  alone 
(#1 ,  or  incombination  with  500 
IRU/ml  a/0-IFN  (■! .  50  IRU/ml 
a/B-IFN  (#)  .  10  IRU/ml  /-IFN 
(A;  .  or  1  IRU/ml  /-IFN  . 

The  monolayers  were  then 
washed  and  cocultivated  with 
either  3T3-VSV  {A  and  Cl  or 
P815  (B  and  B targets. 

Panels  A  and  B  represent  one 
experiment  while  C  and  D 
represent  a  second  independent 
experiment.  Each  point 
represents  the  mean  of 
triplicate  determinations. 


low  (0.001-0.01  ng/ml )  LPS  concentrat ions  and  in  the  presence  of  a/B-IFN. 
While  the  addition  of  r-IFN  at  1  IRU/ml  appeared  to  inhibit  slightly  the 
activity  of  LPS  in  activating  macrophage  monolayers  against  viral ly 
infected  targets,  this  was  a  frequent  but  not  constant  finding. 

Short  vs.  long  preincubation  with  stimuli 

The  effect  of  the  duration  of  exposure  to  stimuli  on  the  ability  to 
activate  macrophage  monolayers  for  killing  vira  1  ly-inf acted  or  tum.or  cells 
was  investigated.  Monoliyers  of  bone  marrow  culture  derived  macrophages 
were  exposed  to  activating  stimuli  for  either  4  or  24  hr.  The  monolayers 
were  then  washed  twice  to  rem.ove  stimuli  and  targets  added.  The  results 
are  shown  in  Tables  4-6.  In  general,  the  activity  against  the  tumor 
targets  was  stable  to  variations  in  the  time  of  exposure  to  stimuli.  As 
expected,  cytolytic  activity  for  tumor  targets  was  seen  only  with 
macrophage  monolayers  exposed  to  both  interferon  and  LPS.  for  both  long  and 
short  exposure  to  stimuli.  For  all  stimulation  condition,  activity  against 
viral  ly  infected  target  cells  was  substantially  less  when  the  m.onolayers 
were  exposed  to  stimuli  for  24  hr  than  when  exposed  to  the  same  stimuli  for 
only  4  hr.  In  fact,  the  level  of  cytolytic  activity  was  often  reduced  to 
zero.  The  conditions  showing  the  least  decay  in  activity  with  24  hr 
stimulation  were  monolayers  treated  with  IFN  alone.  This  was  true  for  both 
VSV-  and  VEE-inf ected  targets. 
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TABLE  4.  Effect  of  Duration  of  Exposure  to  Stimuli  on  Bone  Marrow 
Culture-Derived  Macrophage  Cytolysis  of  3T3-VSV~ . 


Treatmenf^ 


Percent  Specific  Cr-Re lease‘s 
After  Exposure  to  Stimuli  for: 


4  hr 

24 

LPS.  10 

ng/ml 

62 

0 

LPS.  0. 

01  ng/ml 

20 

1 

t-IFN. 

1  IRU/ml 

39 

12 

t-IFN  + 

LPS.  1  IRU 

+  10 

ng/ml 

54 

0 

t-IFN  + 

LPS.  1  IRU 

+  0. 

01  ng/ml 

26 

10 

a/3-IFN 

.  500  IRU/ml 

44 

15 

a/3-IFN 

+  LPS.  500 

IRU 

+  10  ng/ml 

59 

10 

a/3-IFN 

-  LPS.  500 

IRU 

+  0.01  ng/ml 

74 

11 

"*Celi3  were  infected  with  VSV  at  an  MCI  of  3  before  labelling  with  ‘“’'’CR. 
'‘Macrophages  were  exposed  to  activators  for  4  or  24  hr.  washed  with  warmed 
medium,  and  then  coincubated  with  '  Cr-labe  1  led  target  cells  for  16  hr. 


.ABLE  c.  Effect  of  EJuration  of  Exposure  to  Stimuli  on  Bone  Marrow 
Culture-Derived  Macrophage  Cytolysis  of  P815. 


Treatment 


Percent  Specific  Cr-Re lease'"" 
After  Exposure  to  Stimuli  for; 
4  hr  24  hr 


LPS.  10 

ng/ml 

6 

0 

LPS,  0.0 

1  ng/ml 

0 

0 

t-IFN.  1 

IRU,-' mi 

0 

0 

t-IFN 

LPS.  1 

IRU  ^  10 

ng/ml 

74 

70 

t-IFN  + 

LPS.  1 

IRU  e  0. 

01 

ng,' 

mi 

2 

O 

--IFN.  5 

IRU/ml 

0 

0 

t-IFN  + 

LPS  .  5 

IRU  10 

n 

g/ml 

100 

100 

t-IFN  + 

LPS.  5 

IRU  e  0. 

0  i 

ng/ 

ml 

6 

11 

a.'3-IFN. 

500  IR 

U/ml 

5 

0 

a/B-IFN 

LPS  . 

500  I RU 

4- 

10  ng/ml 

21 

44 

a/0-IFN 

T^p5 

500  IRU 

0.01 

ng/ml 

0 

0 

a/B-IFN. 

1000  I 

RU/ml 

0 

0 

a/0-IFN 

+  LPS  . 

1000  IRU 

i- 

10 

ng/ml 

36 

57 

a/B-IFN 

+  LPS . 

iOCO  IRU 

-h 

0.0 

1  .ng/.ml 

0 

0 

"Macroph 

ages  we 

re  expos 

ed 

to 

act i vat 

ors  for  4  or 

24  hr.  ' 

med  i  'om . 

and  the 

n  coincuba 

ted 

with 

Cr-labe lied  t 

arget  c 

of 

t  r  i  p  1  i 

cate  det 

er 

mi  na 

t ions  . 
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TABLE  6.  Effect  of  Duration  of  Exposure  to  Stimuli  on  Bone  Marrow 
Culture-Derived  Macrophage  Cytolysis  of  3T3-VEE-* 


Treatment^  Percent  Specific  Cr-Release^' 

_  After  Exposure  to  Stimuli  for: 

4  hr  24  hr 


LPS.  10 

ng.'^ml 

47 

0 

LPS.  0.0 

1  ng/ml 

5 

4 

^-IFN.  1 

IRU.-'ml 

14 

11 

t-IFN  + 

LPS.  1  IRU 

+  10  ng/ml 

20 

0 

t-IFN  + 

LPS.  1  IRU 

+  0.01  ng/ml 

31 

0 

c  —  IFN .  5 

IRU, .'ml 

23 

11 

--IFN  + 

LPS.  5  IRU 

+  10  ng/ml 

28 

0 

r-:FN  - 

LPS.  5  IRU 

+  0.01  na/ml 

34 

0 

0,  3 -IFN. 

500  IRU/ml 

21 

0 

c,  3  -IFN 

*  LPS.  500 

IRU  +  10  ng/ml 

19 

r, 

o.  3 -IFN 

-  LPS.  500 

IRU  +  0.01  ng/ml 

•j.  — 

r. 

3 -IFN. 

1100  IRU/ml 

23 

r'i 

c  3 -IFN 

-  LPS.  1000 

IRU  10  ng/ml 

16 

r. 

0  3  -IFN 

-  LPS.  1000 

IRU  -r  0.01  ng/ml 

1 

•■.'e'.'.c  were  infected  with  VEE  at  an  MOI  of  3  before  labelling  with  '"'’CR. 

Ma  rr  .'phacee  were  exposed  to  activators  for  4  or  24  hr.  washed  with  warmed 
medium,  and  then  coincubated  with  Cr- label  led  target  cells  for  It  hr. 

'Mean  o:  triplicate  determinations. 


Effect  of  antl-IFN  globulin 

From  the  above  data,  one  can  conclude  that  there  was  a  difference  in 
the  interaction  between  the  macrophage  monolayers  and  the  different 
targets.  Part  of  this  difference  appeared  to  be  a  greater  sensitivity  of 
macrophage  monolayers  to  activating  stimuli  when  measured  with  viral ly 
infected  target  cells  as  opposed  to  tumor  target  cells.  One  difference 
between  the  two  types  of  target  cells  was  that  the  viral ly  infected  target 
cells  were  producing  interferon.  This  interferon  may  then  have  interacted  j 
•with  the  macrophages  and  caused  the  difference  in  activit'/  previously 
observed.  In  order  to  see  if  interferon  produced  by  target  cells  might  i 

have  been  in-v/olved  with  the  observed  differences,  macrophage  monolayers 
•were  ei-cpcsed  to  medium  alone  or  medium  containing  0.1  ng/m.l  LPS .  This 
c incentrat ion  of  LPS  was  chosen  because  it  gave  consistently  high  levels  of  ! 
activity  against  VSV-BALB/c3T3  cells  with  little  or  no  activity  against 
Polo  tumor  targets.  After  exposure  to  the  activating  stimulus,  the 
minelayers  were  washed  and  target  were  added  in  the  presence  of  varying 
cc ncentrat  ions  of  antibody  to  a/0-IFN.  Tlae  presence  of  interferon 
neutralising  antibody  did  not  effect  the  ability  of  the  LPS  to  activate  the 
macrophage  monolayers  for  ant  1 -inf ected  cell  acti''/it'y  (Table  7).  The 
addition  cf  2500  units/ml  anti-IFN  globulin  actually  resulted  in  the 
increase  in  activity  of  unstimulated  monolayers.  This  activity  was  likely 
due  to  the  level  of  contaminating  endotoxin.  Supernatants  collected  from 
parallel  wells  containing  LPS-treated  macrophages  and  viral ly  infected  but 
unlabeled  target  cells  were  harvested  after  16  hr  of  incubation,  acidified 
to  pH  2  far  24  h,  neutralized,  and  assayed  for  IFN  activity.  These 
supernatants  contained  approximately  1100  IRU  IFN/ml .  A  1:1  mixture  of 
culture  supernatant  with  anti-IFN  serum  was  assayed  for  residual 
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neutralizing  activity  against  10  IRU  a/3  IFN.  The  mixture  yield  50% 
neutralization  to  a  dilution  of  1:512. 


TABLE  7.  Effect  of  Anti-Interferon  Serum  on  Macrophage  anti-3T3-VSV 


Cytotoxicity' 


Treatment '  ' 

0.1  ng'-'ml  LPS  anti -IFN  (U/ml) 

0 

2500 

333 

275 

No  ac'ivaticr.  -  ar.t:-I?N  (L/ml- 
0 

^  l"!  O 

63  3 


Percent  Specific  Cr-Re  1  ease* 

91 

97 

95 

1  *7 

36 


■'Ceils  were  ir.re'.'te'i  with  V3V  at  an  MCI  of  3  before  labeiling  with  ''Cr. 

' 'Macr-ophages  were  exposed  lo  either  medium  or  medium  containing  0.1  ng/mi 
LPS  for  4  hr.  washed,  and  coincubated  with  target  cells  in  the  presence 
the  indicated  conce.ntrat  ion  of  anti-IFN  antibody. 

'Mean  cf  triplicate  determinations. 


These  findings  demonstrate  that  while  the  activation  of  macrophages 
for  killing  ’/irally  infected  cells  shares  many  characteristics  of 
activation  for  tumor  cell  killing,  there  are  significant  differences  in 
sensitivity  to  activating  stimuli.  There  are  also  qualitative  differences 
in  the  persistence  of  the  responses  to  long  and  short  exposures  to 
activating  signals.  Thus  there  appears  to  be  the  need  to  use  viral ly 
infected  cells  rather  than  tumor  cells  as  targets  fcr  measuring  the  effect 
of  immunomodul ators  cn  macrophage  activity  for  cyt: lysis  since  there  are 
differences  in  the  way  these  two  targets  are  handled. 

P.ecu  i  re.ments  for  m.acroDhaoe  cvtolvsis  of  tumor  or  viral  Iv  infected  tarcecs. 

We  next  looked  at  the  relative  contribution  of  various  cytoto:<:ic 
me'Chanisms  known  to  be  used  by  macrophages.  The  goal  was  to  determine  if 
viral ly  infected  cells  and  tumor  cells  are  killed  by  the  same  mechanisms. 

Fi  lm  this  1  nf  :;rmat  io.n  io  would  be  possible  to  select  appropriate  parameters 
on  which  to  cO'Hcentrate  as  sites  of  effective  antiviral  i.mmunomodu  1  at  lor. . 
Three  of  the  mech.anisms  were  tumor  necrosis  factor,  secreted  oroteinases. 
and  oxycen  .metabo  1  ytes  . 

Tumor  necrO'Sis  factor  (TNP')  is  produced  by  macrophages  after  stimula¬ 
tion  by  LPS  and  or  IFN  (11-131.  TNF  has  activity  against  a  range  of  tumor 
cells  and  parasites.  Thie  production  of  TNF  mRNA  by  bone  marrow  culture 
derived  macrophages  after  stimulation  with  various  doses  of  LPS  was  inves¬ 
tigated  using  a  probe  which  contained  a  1700  bp  fragment  of  TNF  cloned  into 
the  polyl inker  of  PUC  9.  The  dose  response  parallels  the  induction  of 
activation  for  cytolysis  of  virally  infected  cells  (Table  8).  Further,  the 
production  of  TNF  mP.NA  returned  to  background  levels  after  24  hours  of 
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stimulation  with  LPS .  There  is  a  corresponding  lose  of  activity  of  macro¬ 
phages  exposed  to  this  dose  of  LPS  for  24  hr  for  cytolysis  of  viral ly 
infected  cells.  Thus  it  appears  that  TNF  may  be  involved  in  the  cytolysis 
of  viral ly  infected  cells.  This  c ircumstant i a  1  evidence  has  been  confirmed 
by  direct  comparison  of  the  sensitivity  of  infected  and  uninfected  cells  to 
rTNF  (Figure  2).  Uninfected  BALB/c3T3  cells  and  P815  cells  are  relatively 
resista.nt  to  lysis  by  rTNF.  BALB/c3T3  cells  infected  with  either  VSV  or 
VEE  are  more  sensitive  to  lysis  by  rTNF.  VEE-infected  cells  are  the  most 
sensitive,  parralleiing  the  sensitivity  of  these  two  target  in  the  macro¬ 
phage  mediated  cyto'toxi  c  ity  assay.  Fi.naliy.  added  anti-TNF  antibody 
inhibited  macrophage  m.ediated  cytolysis  of  viral  ly  infected  cells 
(Tab  1  e  9'>  . 

^  .IT.'' 'I''  "' I.  s  ^  ^ c  T’^NA  c --’d.’ 1 I  1  Ti  1'' r s D '■'* ns ^  t.  J  L,rS 

S  u  1  m '  1 1  1  “ . 


■  E'r.e  ;:.i::';w  lulvire  ierived  ma-T :  g  cages  wer-  exiisec  t:  the  indicaied 
:  incentra*  :  :  ns  ::  LPE  :ir  4  h  ar.i  t'len  cl  =  rei  ;n  :ce  i:  slow  men  abc  1 :  sm . 

The  RILA  wa.c  exnraited  as  described  in  Materials  and  Methods  and  dot  bbinted 
•'’T  u  n  *  *’  T '  I  '-I '  f  ''  1  "  I"'  . 

"  Tne  driei  filter  was  probed  with  a  ''■'P-l  abel  led  TNF  sequence  containing 
probe.  The  filter  was  dried  and  exposed  to  X-ray  film..  The  film  was 
H^r/av^.red  and  the  i nn e.-' i  1 1 es  O'f  the  dots  determined  by  scanning 
densitometry.  The  results  are  er.pi'essed  in  relative  intensity  units  with 


Tabl'^  9.  I.nhib!'"  i  'n  of  Macronhaoe  Lvsis  of  Viral  Iv  Infected  Cel  Is  Bv 
Anti -TNF . 


St  imiU  i 


*  C 1"  “  R  1 1?  Q  s  ' 
Ant  1  -TNF' 


I  .-v  f\ 


IP 
T  P 


n 


t=: 


P 


0 


'  Bone  marriv;  cultui'e  derived  macro'phages  were  exposed  to  the  listed 
stimuli  for  4  h.  washed  and  cccu  Inured  with  ' '  Cr- 1  abe  1  I  ed  BALB,'c3T?  cells 
that  had  been  infected  with  VSV.  After  16  h  incubation  specific  release 
was  determ.ined. 

Specific  release  =  exper  im.ent  a  1  -  spontaneous  /  maximum  -spontaneous . 
Each  determination  is  the  mean  of  triplica*-.e  wells. 

Rabbit  anti-murine  TNF-a  at  2  x  10'’  neutralising  units  per  well  added 
with  targets. 
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Concentration  rTNF  (ng/ml) 


Figure  2.  Lysis  of  Target  Cells  by  rTNF.  ” ‘ Cr-label led  target  cells  were 
incubated  with  various  concentrat ions  of  rTNF  for  16  h.  The  specific 
release  was  calculated  as  described.  Targets  were  P815  (•)  .  BALE/c3T3 
BALB/c3T3  infected  with  V3V  (■)  .  and  BALB/c3T3  infected  with  VEE  {A-  . 


A  second  mechanism  of  cytolysis  by  macrophages  for  tumor  cells  is  the 
production  of  novel  proteinases  (14-16).  We  investigated  the  relative  rile 
of  proteinases  in  the  observed  cytolysis  of  tumor  cells  and  viral ly 
infected  cells  thi'C'ugh  the  use  of  various  proteinase  inhibitors. 

N-p-tosy 1 -L-lysine  chloromethyl  ketone  (TLCK)  was  able  to  inhibit  the  ly 
of  P815  target  cells  to  a  much  greater  extent  than  VSV-infected  BALB/c3T 
cells  (Fig.  3).  Phenylmethyl  sulfonyl  fluoride  showed  slight  inhibition  of 
P815  cytotoxicity  but  no  inhibition  of  VSV-infected  BALB/c3T3  cytotoxicity. 
Bovine  pancreatic  trypsin  inhibitor  had  no  effect  on  macrophage 
cytotoxicity  against  either  targets.  Thus  it  appears  that  proteinases  play 
a  much  smaller  role  in  the  lysis  of  viral ly  infected  target  cells  than  in 
the  lysis  of  tumor  target  cells. 
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Fi  jiji'e  3.  Eff‘?ct  of  TLiTK  on  Macrophage 
'ry^otoxicity.  MonO' layers  of  bone  ^oiTOw 
culture-derived  macrophages  were  activate 
bv  a  4  hr  e-'-rpc-sure  to  a  mixture  of  10 
IRU/ml  a/0-IFN.  1  IRU/ml  t-IFN.  and  10 
r.g/ml  LPS.  The  activated  macrophages  were 
then  tested  for  their  ability  to  lyse  P815 
of  VS’v'-infscte<i  BALB/c3T3  cells  in  the 
presence  cf  increasing  concentratioi-is  of 
TLCK.  Lysis  was  measured  in  a  16  ta" 
chromium  release  assay  and  the  data 
e;<pressed  as  percent  inhibition  of 
cytotoxicity  of  the  respective  taigets  in 
the  absence  of  TL'tK. 


Figure  4.  Effect  of  Glucose  Eepleticn 
on  Macrophage  C;/totoxiclty.  Mcnolayei-s 
of  bone  maiT-ow  cultui'e  derived-maoro- 
phages  were  activated  by  exposui^e  to  a 
mixture  containing  10  IRU/ml  a/B-IFN. 

1  IRU/ml  r-IFN.  and  10  ng/ml  LPS.  The 
activated  macrophages  were  then  tested 
with  16  hr  ctiromium  release  assay  for 
their  ability  to  lyse  P815  or  VSV-in- 
fected  BALB/C3T3  cells  in  glucose  de¬ 
pleted  medium  supplemented  with  in- 
creasirg  concentrations  -f  glucose  ;r 
galactose.  Data  is  expressed  as  percent 
specific  release. 


Oxygen  metabolites 

The  macrophage  generates  a  series  of  toxic  oxygen  metabolites  through 
hexose  monophcsphate  shunt.  In  an  attempt  to  define  the  role  of  these 
.metabolites  in  the  observed  cytotoxicity,  we  ran  our  assays  in 
hexose-dep 1 eted  medium.  The  results  are  shown  in  Fig  4.  Inhibition  of  the 
hexose  monophosphate  shunt  by  depletion  of  glucose  fro^m  the  assay  medium 
was  able  to  significantly  decrease  the  cytotoxicity  of  macrophages  for 
VSV-infected  BALB/c3T3  cells  but  not  P815  target  cells.  In  fact.  P815 
targets  were  more  susceptible  to  lysis  under  glucose  depleted  conditions. 
The  addition  of  10  mM  galactose  instead  of  glucose  was  not  able  to  either 
restore  macrophage  cytotoxicity  for  viral ly  infected  targets  or  to  protect 
P815  targets.  Again  the  mechanism  of  cytotoxicity  for  viral ly  infected 
targets  appears  to  be  different  from  that  seen  with  tumor  target  cells. 
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SPECIFIC  51  Cr- RELEASE 


Bermudez  and  Young  (17)  have  reported  that  TNF  induces  increased  production 
of  superoxide  anion  by  macrophages  and  that  this  is  further  potentiated  by 
treatment  of  the  macrophages  by  either  IFN  or  IL-2.  This  would  correlate 
with  the  results  above  and  might  indicate  that  the  role  of  TNF  may  be 
either  directly  cytotoxic  for  the  viral ly  infected  target  cell  or  may  be  an 
autocrine  factor  which  induces  production  of  toxic  oxygen  metabolite,  which 
in  turn  are  toxic  for  the  virally  infected  target  cell. 


Measurement  of  Virus  Sreclfic  Cytotoxic  T  lymphocyte  Activity. 

From  the  above  work,  it  is  obvious  that  measuring  macrophage 
activation  for  tum.or  cell  killing  is  not  the  same  as  measuring  macrophage 
activation  for  killing  virally  infected  cells.  Therefore,  we  attem.pted  to 
generate  a  system  to  measure  the  generation  of  virus  (VEE)  specific  CTL 
activity.  The  initial  step  was  to  select  a  time  after  viral  infection  tc 
m.easure  the  response.  To  si.m.plify  interpretation,  we  wish  tc  select  a  ti.^o 
point  where  NK  acti’/ity  had  returned  to  near  normal  levels.  Mice  were 
injected  suc"Cutaneo'U.3  Iv  wioh  T'r-83  strain  of  VEE  at  different  tim.es  befou'e 
sacrifice.  The  miice  w-re  sacrificed  on  the  same  day  and  their  spleen  cell: 
tested  for  the  ability  t;  m.eiiate  ■-'irus  specific  kill.  The  results  are 
shown  in  Figure  t.  Panel  A  shiws  cy  to>t  oxi  c  i  ty  against  cells  infected  with 
the  h^om.clogous  virus.  Panel  3  shews  cytotoxicity  against  cells  infected 
with  a  different  virus.  "ay  P  had  the  highest  level  of  kill  in  both 
panels.  There  m.a;/  be  greater  tha.n  normal  levels  of  NK  activity  rem.aininc 
at  Day  9.  Therefore,  we  decided  to  use  day  11  for  further  tests. 


T  ■  I - 1 - I  I  I  T  g|  !■'  — I-.-  ,  I  |.  — — ,  I 

200  too  90  29  12.9  (.3  3.1  1.9  200  100  90  29  12.9  9.3  3.1  1.9 


FPrrrrrR*;  pfp  xiPr.rr  EFFECTERS  PER  TARGET 


Figure  5.  Time  Course  of  Virus  Specific  CTL  Activity.  Groups  of  C3K/HeN 
mice  were  injected  with  lO"*  pfu  of  TC-83  strain  VEE.  sc,  9  (7).  11  (,X)  . 

13  (a),  and  15  (•)  days  before  sacrifice.  One  group  was  left  unchallenged 
(■) .  Mice  were  sacrificed  and  their  spleen  cells  isolated  and  tested  in  a 
16  h  Cr-re  lease  assay  against  L--929  cells  infected  with  VEE  (Panel  A)  or 
infected  with  VSV  (Panel  B) . 
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In  addition  to  anti -viral  CTL  responses,  we  measured  the  effect  of 
drug  administration  on  an  allogeneic  CTL  response.  Thus  groups  of  C3H/HeN 
mice  were  given  either  drug  or  a  placebo.  Mice  from  each  group  were  then 
challenge  with  TC-83  strain  of  VEE.  P815  (cell  line  allogeneic  to  mice),  or 
left  unchallenged.  Spleens  were  harvested  from  each  group,  pooled,  counted 
and  reacted  with  various  target  cells.  Table  10  shows  the  average  spleen 
cell  yield  for  each  treatment  group.  All  groups  of  mice  for  an  experiment 
for  a  given  drug  were  of  the  same  age  and  sex.  There  was  some  variation  in 
age  of  mice  used  between  experiments. 


Table  10.  Average  Spleen  Cell  Yield  from  Drug  Treated  Mice*. 


Treatment 
Chal  lenge'’ 

AVS# 

Placebo  Drua 

Nothing 

Placebo 

P815 

Drug 

Placebo 

VEE 

Drug 

Cells  /  SDleen  X  10“^ 

1761 

3.9 

5.9 

7.7 

7.7 

4.4 

5.9 

1968 

3.7 

6.7 

5.2 

10.2 

6.4 

8.9 

2149 

4 . 2 

5.3 

5.8 

4.8 

1.7 

1.3 

2776 

3.6 

4.5 

9.2 

5.7 

5.9 

5.0 

2777 

3.1 

4.7 

6.5 

5.1 

4.4 

6.2 

2778 

4.8 

4.3 

6.3 

6.5 

4.4 

5.7 

3960 

4.0 

4.7 

7.2 

8.6 

5.5 

4.5 

4286 

4.1 

6.0 

7.2 

6.7 

4.6 

6.2 

4287 

3.6 

4.3 

4.1 

4.5 

3.5 

3.8 

4553 

5.3 

7,1 

8.0 

10.9 

7.4 

7.5 

*  Groups  of  5  C3H/HeN  mice  were  treated  with  drug  or  placebo  and  then 
challenged  with  antigen.  Eleven  days  later  mice  were  sacrificed.  The 
spleens  removed  and  pooled  by  group.  A  single  cell  suspension  was  prepared 
from  each  pool  and  counted. 

Mice  were  challenged  with  nothing;  1  X  10**’  P815  cell,  ip;  or  10*  pfu 
TC-83  strain  of  VEE,  sc. 


In  general  treatment  with  a  drug  did  not  cause  a  significant  increase 
or  decrease  in  the  number  of  spleen  cells  recovered  as  compared  to  placebo 
treated  mice  challenged  in  a  similar  manner.  One  major  exception  was  AVS 
1968.  Mice  treated  with  AVS  1968  yielded  more  cells  than  plecebo  treated 
mice  challenged  with  the  same  antigen.  Other  drugs  caused  some  change  in 
the  number  of  cells  recovered  but  not  to  the  extent  of  AVS  1968.  Thus  even 
with  similar  levels  of  cytotoxicity  at  the  per  cell  level  from  drug  and 
placebo  treated  mice,  there  were  more  effectors  available  in  the  AVS  1968 
treated  spleen. 

Figures  6A-D  shows  the  cytotoxic  activity  of  spleen  cells  from  AVS 
2149  or  palcebo  treated  mice  against  various  target  cells.  Panel  A  shows 
the  cytotoxic  response  against  the  virus  specific,  histocompat ible  target. 
There  is  clearly  an  increase  in  the  cytoxic  activity  of  spleen  cells 
isolated  from  TC-83  infected  mice  as  compared  to  uninfected  controls.  When 
you  compare  the  activities  of  these  same  cell  populations  against  the  same 
cells  infected  with  a  different  virus  (VSV) .  there  is  no  increase  in 
activity  due  to  VEE  challenge.  The  anti-VEE  response  is  increased  in  drug 
treated,  VEE  challenged  mice  as  compared  to  placebo  treated  VEE  challenged 
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mice.  There  was  a  slight  increase  seen  using  viral ly  nonspecific  targets. 
Figures  6C  and  D  look  at  the  antial logeneic  response.  There  is  a  decrease 
in  activity  placebo  treated  to  drug  treated  groups.  Thus  for  this  drug, 
treatment  did  not  result  in  a  change  in  the  total  number  of  cells  recovered 
from  the  spleens  but  an  increase  in  the  per  cell  anti-virus  CTL  but  a 
decrease  in  the  anti-allogeneic  responses.  However,  AVS  2149  has  not  had 
any  effect  on  the  survival  of  mice  challenged  with  VEE. 

Similar  data  has  been  accumulated  for  9  other  drugs.  For  simplicity 
the  data  has  been  summarized  in  Table  11.  This  table  does  not  attempt  to 
signify  the  magnitude  of  the  change.  A  change  is  simply  decernable  at  all 
or  most  all  of  the  E:T  ratios  tested. 


Table  11.  Summary  of  the  Effect  of  Drug  Treatment  on  Anti-virus  and 
Anti-allogeneic  CTL  Repsonses . 


Drue 

Virus 

A1 loaeneic 

1761 

Decrease 

No  Change 

1968 

Decrease 

No  Change 

2149 

Increase 

Decrease 

2776 

No  Change 

No  Change 

2777 

No  Change 

No  Change 

2778 

No  Change 

Increase 

3960 

No  Change 

No  Change 

4286 

Decrease 

Decrease 

4287 

No  Change 

Decrease 

4593 

No  Change 

Decrease 

The  take  home  message  of  this  table  is  that  measuring  the  anti-virus 
and  anti-allogeneic  responses  do  not  always  result  in  the  same  answer. 

Also  the  ability  to  modulate  either  response  does  not  appear  to  positively 
correlate  with  the  in  vivo  protective  activity  of  the  drug  for  protections 
against  Ithal  challenge  with  VEE.  In  fact,  the  two  drugs  that  have  in  the 
past  shown  protection  against  VEE  appear  to  decrease  the  specific  anti-VEE 
CTL  resposes . 
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Figure  6.  Effect  of  AVS  2149  Treatment  on  Development  of  Antiviral  and 
Ant ial logeneic  CTL  Activity.  Groups  of  5  mice  each  were  treated  by 
intraperi toneal  injection  of  either  AVS-2149  (4  mg/kg)  or  PBS  on  day  -1 
with  regard  to  antigen  challenge.  Mice  were  challenged  by  the  subcutaneous 
injection  of  10^  pfu  TC-83  passed  once  in  chicken  embryo  cell  culture  in 
the  presence  of  A%  chicken  serum  or  the  intraperitoneal  injection  of 
1  X  10*^  P815  cells  washed  in  serum-free  medium  to  remove  serum  antigens. 
Control  mice  were  left  uninjected.  Eleven  days  after  antigen  challenge, 
mice  were  sacrificed  and  each  group  used  to  prepare  a  pool  of  spleen  cells; 
PBS  alone  H-)  .  drug  alone  (□) .  PBS  plus  P815  (•)  ,  drug  plus  P815  (v) ,  PBS 
plus  TC-83  (■) ,  drug  plus  TC-83  (O)  •  These  were  tested  at  various 
concentrations  against  a  constant  number  of  =^Ci — labelled  target  cells. 

The  target  cells  were  A)  L929  infected  with  TC-83  at  an  moi  of  3.  B)  L929 
infected  with  VSV  at  an  moi  of  3,  C)  BALB/c3T3  infected  with  TC-83  at  an 
moi  of  3,  and  D)  P815.  Specific  release  was  determined  by  the  formula: 
Specific  release  =  (experimental  release  -  spontaneous  release)  /  (maximum 
release  -  spontaneous  release) .  Each  value  represents  the  mean  of 
triplicate  determinations. 
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Percent  51  Cr— release  Percent  51  Cr— release 
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EFFECTORS 


- 9- 

29  12.5 
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In  vitro  Testing  of  the  Combination  of  AVS  1968  and  F68  for  Anti-VEE 
Activity . 

AVS  1968  (CL246.738)  has  shown  effectivenss  in  prolonging  the  lives  of 
mice  infected  with  the  68U201  strain  of  VEE.  However,  the  end  result  is 
still  death  (16/20).  Compound  F68  was  obtained  from  CytRx  Corporation. 

This  is  a  block  polymer  preparation  that  is  in  IND  trials  for  treatment  of 
escemia.  We  reasoned  that  the  F68  might  have  an  effect  on  the  blood-brain 
barrier,  allowing  CL246.738  to  be  more  active  in  the  brain.  If  were  able 
to  i.ncrease  to  the  immune  acivity  in  the  brain  it  was  thought  that  the  the 
animals  might  survive  the  infection.  The  results  of  an  initial  experiment 
are  shown  in  Table  11. 


Table  12.  .^.nti'/iral  activity  of  a  mi.xture  of  CL246.'^36  a.nd  F68  against 
Venezuelan  equine  encephalitis  virus  strain  66U201 . 


Cumulative  Deaths  ‘ 

9  10  11  12  13  31  Dead 


1  r>  ^  r" 


F68  +  CL248 .  "^'3S  !•- 

i  o 

F68  +  CL24t"  .  12  2  3 

ora  1 1 V 


5  5 


sal ine 


2  4  7  10 


1  Q  /  1  ( 


MT2'  MST 


13.4  12 

9.7  10 


Mice  were  observed  daily.  The  experiment  was  terminated  cn  day  31. 
Surviving  m.ice  were  healthy  at  time  of  sacrifice. 

Cl  246.  738  and  F68  were  prepared  in  pyrogen  free  saline  at  40  or  4 
mg/mil  respectively.  Equal  volum.e  of  each  solution  was  then  mixed.  The 
mixture  (0.5  mil)  was  administered  by  either  intraperitoneal  injection  or 
orally  through  a  feeding  tube.  Twenty-four  hours  later  the  .mice  were 
challenged  with  a  subcutaneous  injection  of  400  pfu  of  66U201  strain  VEE. 


The  ip  administration  of  the  mixture  of  the  drug  proved  to  be  toxic. 

.At  the  doses  used,  these  drugs  by  themselves  have  not  shown  any  toxicity. 
With  oral  ad.ministrat  ion  the  combination  gave  the  best  survival  percentage 
of  any  treatment  yet  attempted.  Thiis  might  be  improved  by  lowering  the 
drug  toxicity.  However,  due  to  the  shortage  of  the  drug  and  the  fact  that 
there  was  no't  complete  protection,  we  have  discontinued  this  W'crk .  We 
would  be  willing  to  look  into  optimizing  the  treatmnet  regimen  if  the 
technical  represent  i  t  ive  feels  that  it  is  advantageous  and  if  miore  drug  is 
ava liable. 

Selection  of  Plaque  type  Varia.nts  of  Pichinde  Virus. 

We  have  previously  reported  (18)  the  isolation  of  plaque  type  variants 
of  Pichinde  strain  An  Co  3739  isolated  from  progeny  of  cocultures  of  Vero 
and  L-929  cells.  Similar  plaque  type  variants  have  also  been  isolated  from 
a  second  strain  of  Pichinde  virus  (Co  4763) .  As  with  the  previous  isolates 
these  isolates  maintain  plaque  morphology  through  repeated  passage  in  mouse 


page  22 


j 


L-92'r'  ceils.  The  differences  in  plaque  morphology  were  not  only  in  size 
tut  in  th*^  extent  of  cy  topathology  observed .  These  variants  are  presently 
being  tested  fir  lethal itv  in  mice.  Even  if  one  does  not  prove  to  be  a 
mouse  Ithal  Pirhinde  suitable  as  a  model  for  Lasa  fever,  they  offer  a 
syste.t:  for  t.'.e  study  of  the  celiuTar  events  involved  in  pahtology  of  this 
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